y Please refer to Supplementary Appendix S1 for a full list of FLOW investigators.
Editor's key points
Improved understanding of predictive factors for persistent pain after a traumatic fracture would allow targeted management. In a multicentre trial of open wounds, Somatic PreOccupation and Coping (SPOC) questionnaire scores after surgery were associated with an increased risk of persistent pain. Psychological factors contribute to risk of persistent pain. Further work is needed to define key factors.
In the UK, chronic pain affects between one-third and one-half of the population, 1 and a survey of 5130 patients from 10 outpatient chronic pain clinics located in North Britain identified surgery as an antecedent in 23% of cases. 2 Rates of persistent post-surgical pain (PPSP) range from 10% to 80%, with breast, cardiac, and orthopaedic surgeries associated with higher rates. 3, 4 Chronic pain after major trauma is common. 5 A systematic review of 20 observational studies of patients undergoing traumatic tibial fracture repair found that almost half (47.4%) reported PPSP at an average of 23.9 months after surgery. 6 Accumulating evidence suggests that patients' beliefs and expectations are associated with the development of chronic pain and impairment after fracture surgery. 7e9 Psychological processes influence the experience of pain, including attention, cognition, emotion and emotion regulation, and behavioural responses. 10 The development of PPSP may result from a modified diathesisestress model of chronic pain; specifically, psychological vulnerabilities, such as how an individual perceives and responds to pain, and biological vulnerabilities, when combined with traumatic injury, initiate a cycle of sustained symptoms that places individuals at an increased risk of developing chronic pain. 11 Psychological processes not only play a role in the subjective experience of pain, but may also interfere with physical recovery efforts. 12 The commonplace advice to 'weight bearing as tolerated' after a fracture repair is vulnerable to subjective interpretation. The Somatic PreOccupation and Coping (SPOC) questionnaire is a 27-item instrument that predicts the development of PPSP and functional outcomes after surgical fixation of a traumatic fracture. 7e9 The following are examples of items:
'My treatment will be effective in curing my injury' and '[Have you] felt you could not overcome your difficulties in the past week'. Previous studies of the predictive abilities of the SPOC questionnaire have suffered from imprecise measures of association because of small sample sizes and nonindependence, which may inflate the strength of association. The purpose of this confirmatory investigation was to determine whether patients' coping abilities and recovery expectations after surgery for open extremity fracture are associated with long-term functional impairment and PPSP. Patients from 31 clinical sites in the USA, Canada, Australia, and India who consented to participate in the FLOW trial were approached to complete the English-language SPOC questionnaire at their sixth week visit after surgery, and 71.4% (1560 of 2184) completed the questionnaire. The SPOC questionnaire assesses patients' somatic complaints, coping, energy, and optimism about their recovery; total scores range from 0 to 162, and higher scores represent worse coping, increased somatic complaints, lower energy, and pessimism regarding recovery. 7 The SPOC questionnaire has demonstrated high testeretest reliability (intra-class correlation coefficients for the total SPOC and all subscales ranged from 0.72 to 0.91), internal consistency (Cronbach's a¼0.94), and construct validity. 9 The FLOW trial administered the acute version of the short form-12 (SF-12) and the EuroQol five-dimensional questionnaire (EQ-5D) at 2 and 6 weeks, and 3, 6, 9, and 12 months postsurgery. The SF-12 and EQ-5D have been validated in various surgical populations, and demonstrate good reliability, validity, and internal consistency.
Methods

Study design and participants
15e17 Question 8 of the SF-12
captures information regarding the interference of pain experienced during the last week prior to survey completion. The fourth question of the EQ-5D asks about the degree of pain/discomfort experienced on the current day. The WHO definition of PPSP requires that four criteria are met: (i) pain that began after surgery or a tissue trauma is experienced; (ii) the pain is in an area of preceding surgery or tissue trauma; (iii) the pain persists for at least 3 months after the initiating event; and (iv) the pain is not better explained by an infection, a malignancy, a pre-existing pain condition, or any other alternative cause. 18 We used the presence of pain or pain interference at 1 yr after surgery, as we felt that patients are more likely to be concerned about complaints that persist for longer time periods. To increase confidence that other causes for pain were excluded, we removed any patients from our analysis of PPSP who reported a prescription for opioids before surgery.
Statistical analysis
We reported the mean and standard deviation of continuous variables, and the number of occurrences with proportions represented as percentages for categorical variables. We categorised 6 weeks post-surgery SPOC scores into tertiles. We assumed pain that at least moderately interfered with normal work would have a significant impact on patients' well-being and satisfaction. The presence of chronic pain at 1 yr was thus defined as present ('moderate', 'severe', or 'extreme pain' to Question 4 of the EQ-5D at 1 yr) or absent ('no pain' or 'slight pain' to Question 4 of the EQ-5D at 1 yr). The interference of pain on normal work was defined as present ('moderately', 'quite a bit', or 'extremely' as responses to Question 8 of the SF-12) or absent ('none' or 'a little bit' as responses to Question 8 of the SF-12). We constructed a multivariable logistic regression model to explore the association between 6 weeks post-surgery SPOC scores and the presence of moderate to extreme PPSP at 1 yr. We selected nine covariates previously reported as predictors, 7e9,19 or judged to have a clinical relationship with the development of PPSP and pain interference: female sex, younger age, lower-extremity fractures, Gustilo grade Type III, non-intramedullary nail surgical fixation, work-related injury, positive smoking status, major concomitant injury, and fracture gap !1 cm. We also adjusted for interventions administered in the FLOW trial: irrigation solution and irrigation pressure. 13 We constructed a multivariable logistic regression model to evaluate the association between 6 weeks postsurgery SPOC scores and the presence of moderate to extreme pain interference at 1 yr using the same predictors, and whether or not patients had a pre-existing prescription for opioids. All regression models were calculated with and without SPOC scores. Six weeks post-surgery SPOC scores were added to the model as a categorical variable as per tertiles (low, intermediate, and high scores). Model performance was evaluated using the concordance statistic (c-statistic), c-statistic optimism, 20 and model's calibration [graphical calibration and the HosmereLemeshow (HeL) test]. 21 The change in predictive performances was evaluated by comparing the model's performance with and without the addition of 6 weeks postsurgery SPOC scores. We calculated the absolute risk increase (ARI) for each significant predictor, and estimated the baseline risks for persistent post-surgical pain and pain interference by calculating the incidence amongst fracture patients without any risk factors. To explore whether the country of residence affected our results, we conducted a sensitivity analysis, in which we added country and its interaction with SPOC scores into our logistic regression models. We used linear regression with SF-12 physical component summary (PCS) scores and mental component summary (MCS) scores, acquired 1 yr post-surgical fixation, as the dependent variables to explore associations with sex, age, fracture site, fracture severity, type of surgical fixation, work-related injury, smoking status, major concomitant injury, fracture gap, preinjury opioid prescription, and SPOC scores acquired 6 weeks post-surgical fixation.
To minimise the likelihood of spurious findings, we considered an independent variable as statistically significant if it had a P-value of less than 0.01 in the final adjusted model. The tertiles calculated for the current study population of 1560 patients (low: 47; moderate: 48e73; high: !74) were a little different than the cut-offs derived from the population of 267 patients used to develop the SPOC questionnaire ( 40, >40 to !80, and >80). 8 We also constructed all regression models using the original cut-off scores for the SPOC questionnaire. Statistical analyses were performed using the R Statistical Package (R Foundation for Statistical Computing, Vienna, Austria) and SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Of 2184 eligible patients enrolled in the FLOW trial, 1560 (71.4%) completed the SPOC questionnaire at their 6 weeks postoperative clinic visit. We obtained 12 months follow-up data for approximately 80% of patients; specifically, 1218 completed the EQ-5D and had no missing predictors, and 1277 completed the SF-12 and had no missing predictors. Most patients were in their 40s, male, with a lowerextremity fracture, and with no concomitant major trauma. Baseline characteristics were similar between patients who did and did not complete the SPOC questionnaire (Table 1) . Two-thirds of patients (813 of 1218; 66.7%) reported moderate to extreme pain at 1 yr after surgery, and 37.9% (484 of 1277) reported pain that interfered at least moderately with their daily activities (Supplementary Appendix S2). Of 78 patients without risk factors for PPSP (non-smoking fracture patients with a Type I/II upper-extremity fracture that was not work related) and who provided a low 6 weeks SPOC questionnaire score, 25 reported moderate to extreme pain at 1 yr for a baseline risk of 32.1%. Amongst 85 patients without risk factors for pain interference (non-smoking patients, with an upper-extremity fracture that was not work related or treated with external fixation) and who provided a low 6 weeks SPOC questionnaire score, four reported moderate to extreme pain interference at 1 yr for a baseline risk of 4.7%.
Low (Tables 2 and 3 ). The sensitivity analysis suggested that our results were not affected by patient's country of residence for either persistent pain (test of interaction P-value¼0.30) or pain interference (test of interaction P-value¼0.66).
The multivariable logistic regression model to predict persistent pain, without SPOC scores ( SPOC scores at 6 weeks post-surgery accounted for 10% of the variation in SF-12 PCS scores and 14% of SF-12 MSC scores at 1 yr (Tables 4 and 5 ). Reconstruction of all regression models using the original cut-off scores for the SPOC questionnaire ( 40, >40 to !80, and >80) 8 showed similar associations (Supplementary Appendices S5e8).
Discussion
We found that a patient's somatic preoccupation, coping abilities, and expectations about recovery, as measured by the SPOC questionnaire, were a more powerful predictor of PPSP, interference of pain with normal work, and health-related quality of life 1 yr after a traumatic, open extremity fracture repair than fracture site or severity, type of fixation, smoking status, or whether or not injuries were work related. Specifically, fracture patients with high (!74) SPOC questionnaire scores at 6 weeks increased their absolute risk of PPSP at 1 yr from 32% to 73%, and their 1 yr risk of functional impairment from 5% to 23%.
Implications
Our findings are consistent with other studies that have found that patient beliefs are associated with recovery from injury. A systematic review of 21 prospective studies, including 2611 patients undergoing surgery, found low to moderate positive associations between patients' expectations and quality of life at 1 week to 13 yr follow-up. 22 Mindset about treatment efficacy may be strengthened or minimised by patients' perceptions regarding their health and their ability and efficacy to change, 23 and there is evidence that perioperative psychological interventions aimed at improving patients' coping abilities and recovery expectations improve prognosis. A systematic review of 15 randomised controlled trials (2220 patients) found moderate-quality evidence that active perioperative psychotherapy (cognitive-behaviour therapy and relaxation therapy) significantly reduced PPSP [risk difference (RD) for achieving no more than mild pain: 14%; 95% CI: 8e21%] and physical impairment (RD for achieving no more than mild disability: 21%; 95% CI: 13e29%). 24 The SPOC questionnaire is the first validated instrument to facilitate the identification of fracture patients at high risk of poor outcome as a result of psychological factors, which may allow for targeted intervention guided by the individual patient's responses. The incidence of radius/ulna fractures in the UK is 10.1 and 25.1/10 000 person years amongst adults aged 18e49 and 50 and older, respectively. 25 The incidence of tibia/ fibula fractures is 5.5 and 6.5/10 000 person years for adults aged 18e49 and 50 and older, respectively. 25 The lifetime risk of any fracture by age 50 is 53.2% amongst women and 20.7% amongst men. 26 The US National Center for Health Statistics reported an annual incidence of 492 000 fractures of tibia, fibula, and ankle. 27 Results of the 2010 US Census found that distal radius and ulna fractures were the most common upperextremity fractures (16.2 fractures per 10 000 persons). 28 Even modest reductions in rates of persistent pain and functional impairment amongst fracture patients would be associated with considerable socio-economic benefits, including reducing the use of opioids for chronic pain. 29 
Strengths and limitations
The strengths of our study include the use of a validated instrument to assess patient coping and recovery expectations, adjustment of our regression models for clinically relevant patient and injury characteristics, and approximately an 80% rate of follow-up. Our large, international cohort, which included a range of upper-and lower-extremity fractures, increases the generalisability of our findings. Our patients were part of a randomised controlled trial, in which the surgical procedure and postoperative care were standardised, which limits the impact that these variables may have had on clinical outcomes. Finally, we have presented not only relative but also ARIs, which greatly strengthens the inferences about the importance of the associations and possible implications for clinical care. There are some limitations to our study. Although we excluded patients with pre-existing opioid prescriptions from our analysis of PPSP, our inability to exclude patients prescribed other medications commonly used for chronic pain (e.g. gabapentinoids) or to directly exclude pre-existing chronic pain may have overestimated the incidence of persistent pain. Second, the SPOC questionnaire was only 
Conclusions and future research
The results of our study demonstrate that poor coping and negative recovery beliefs, expressed early in the recovery from operatively managed, open extremity fractures, predicted the development of chronic pain, functional impairment, and reduced quality of life at 1 yr. Randomised controlled trials are needed to determine whether unhelpful beliefs amongst fracture patients can be modified and results in improved prognosis.
